.-Ninety psychrophilic isolates of Bacillus were obtained from soil, mud, and water by selective enrichment at 0 C. They grew well at 0 C, optimally at 20 to 25 C, and failed to grow at 30 or 35 C. Their minimal and maximal growth temperatures were lower than those for mesophilic species of Bacillus by 10 C or more. Growth of psychrophilic isolates also occurred at -2 and -4.5 C, and both spore formation and spore germination occurred at 0 C. Inocula for all growth rate experiments were prepared by growing the cells in 25 ml of Trypticase Soy Broth in 250-mi Erlenmeyer flasks at 20 C on a New Brunswick rotary shaker at 300 oscillations per min for 28 to 32 hr. To determine the kinetics of growth at different temperatures, 250-ml Erlenmeyer flasks containing 25 ml of Trypticase Soy Broth were used. The flasks were fitted with matched test-tube side arms which could be inserted in a Klett-Summerson photoelectric colorimeter (660-mMt filter) for repeated measurements of turbidity without loss of culture. Each flask received 0.1 ml of the above inoculum and was incubated on a rotary shaker under the same conditions as described above. Growth curves were obtained in the range of 0 to 35 C at intervals of 5 C.
A large variety of psychrophilic bacteria, i.e., those which grow at 0 C, have been isolated by various investigators from natural sources. These include strains of Achromobacter, Aerobacter, Aeromonas, Alcaligenes, Arthrobacter, Corynebacterium, Escherichia, Flavobacterium, Klebsiella, Micrococcus, Proteus, Pseudomonas, Rhodococcus, Streptococcus, and Vibrio (1, 4, 6, 13, 16) . Also, psychrophilic strains of Clostridium have been isolated recently (10) . It appears, however, that authentic psychrophilic strains of Bacillus have not been obtained. Aerobic sporeforming bacteria have been cultured from Antarctic ice, snow, mud, plant debris, and other materials (3, 8) , but their ability to grow at 0 C was not determined.
The present paper describes the isolation of 90 psychrophilic isolates of Bacillus from soil, mud, and water, their growth kinetics, and the effect of low temperatures on spore formation and spore germination.
MATERIALS AND METHODS
Seventy-five samples of soil, mud, and water were collected in sterile jars from fields, streams, and lakes. Soil and mud samples were diluted 1:10 in sterile 0.1% peptone and heated at 80 C for 10 min to destroy vegetative cells. Water samples were heated without prior dilution. A 5-ml amount of each heated sample was inoculated into 25 ml of sterile Trypticase Soy Broth (BBL) contained in a 250-ml Erlenmeyer flask, and was incubated for 2 weeks at 0 C. The cells from all flasks which showed growth were streaked on Trypticase Soy Agar and incubated at 0 C for 2 weeks. Isolated colonies were restreaked several times to insure purity and were then transferred to slants of nutrient agar. The purity of the cultures was established also by Gram stains. In some cases, more than one colony was isolated from a single sample if the colonies appeared to be different. (11) .
RESULTS
Ninety psychrophilic isolates of Bacillus were isolated by the previously described selective enrichment at 0 C from the 75 samples of soil, mud, and water. No more than three isolates were ob-tained from any one sample, and no isolates were obtained from 15 samples. All 90 isolates were rod-shaped and gram-positive except for a few that were gram-variable. All of the isolates were strictly aerobic, except for three isolates which also grew anaerobically. All isolates formed spores and grew at 0 C. The 90 isolates therefore are psychrophilic species of Bacillus.
Eight of the first 26 isolates grew at 30 C but not at 35 C, and the remaining 18 grew at 25 C but not at 30 C. The 64 subsequent isolates were not examined for their maximal growth temperatures. Comparison of the growth temperatures of the psychrophilic isolates with known mesophilic species of Bacillus (Table 1) shows clearly the marked differences in minimal and maximal growth temperatures for the two groups. Growth of the psychrophiles at 0 C was visible in two days and abundant in about 1 week. In contrast, the mesophiles failed to grow below 15 or 10 C. Likewise, the maximal growth temperatures for the psychrophiles were 25 and 30 C and for the mesophiles, 40 to 55 C. Thus, the growth temperatures for the psychrophilic isolates are lower than those for the mesophiles by 10 C or more at both ends of the growth temperature scale.
Moreover, 0 C is not the minimal growth temperature for the psychrophiles. This cardinal temperature is technically difficult to determine because of the tendency of culture media to freeze below 0 C. However, by adding 7.5% glycerol to Trypticase Soy Agar, it has been possible to obtain growth of some of the psychrophilic isolates at -2 and -4.5 C (Table 2) . Growth was visible Quantitative data on growth rates at -2 and -4.5 C will be given later. Types. Twenty of the psychrophilic isolates were chosen for more detailed investigation. These appeared to represent to some extent different types among the 90 cultures with respect to colonial morphology, cell size, and also shape, size, and position of the spores. Most of them exhibited swollen sporangia, and the spores appeared oval when enclosed in the cell, and spherical when free. These isolates resemble those in the B. pantothenticus-B. sphaericus subgroup in group III (Bergey's Manual). The cells of a few of the isolates exceeded 0.9 u in diameter, appeared vacuolated when grown on glucoseagar, and formed cylindrical spores which did not swell the cells. They resemble the B. megaterium-B. cereus subgroup of group I (Bergey's Manual). The remaining isolates produced centrally located oval spores which did not swell the sporangia. The cells were less than 0.9 , in diameter and were not vacuolated when grown on glucose-agar. These isolates may belong to the B. subtilis-B. pumilus subgroup in group I (Bergey's Manual). The 20 isolates are now under extensive investigation to determine their exact taxonomic position in the genus Bacillus and whether they represent new species.
Kinetics of growth. The rate and extent of growth of 10 of the 20 isolates were determined in the range of 0 to 30 C at intervals of 5 C. The data for Bacillus isolate W25 are plotted in Fig. 1 . Growth was slowest at 0 C but was extensive with time and maximal in about 220 hr. Growth was most rapid at 20 and 25 C, and there was no growth at 30 C. The decrease in maximal growth with increase in temperature may reflect a deficiency of oxygen in the cultures, even though the (5) reported -6 C for B. cereus strain T. Lower temperatures were not investigated. Knaysi (7) investigated the minimal temperature for both stages with B. cereus C3 and found minima of -1 and 10 C for the first and second stage, respectively. 
